




















Comment on “Quantum mechanics of Hyperion”
Maximilian Schlosshauer∗
School of Physical Sciences, The University of Queensland, Brisbane, QLD 4072, Australia
In a recent paper [N. Wiebe and L. E. Ballentine, Phys. Rev. A 72, 022109 (2005)], the authors
claim that, contrary to a previous suggestion by W. H. Zurek [Phys. Scri. T 76, 186 (1998)],
environmental decoherence is not required to prevent chaotically tumbling satellites such as Hyperion
from exhibiting nonclassical behavior within a short time span. We argue that this claim results (i)
from a fundamentally different assumption about the interpretation of the quantum formalism, and
(ii) from a misunderstanding of the aim of Zurek’s paper and of the meaning of decoherence.
PACS numbers: 03.65.Sq, 03.65.Yz, 05.45.Mt
Zurek’s original treatment [1] is concerned with the
coherent spreading of wavepackets over large spatial re-
gions in (classically) chaotic systems. For Hyperion, a
moon of Saturn, Zurek estimates that within ∼20 years
the quantum state would be a highly nonlocal coherent
superposition of macroscopically distinguishable orienta-
tions of the satellite’s major axes, thus establishing a
measurement-free version of the Schro¨dinger-cat para-
dox. Decoherence then effectively destroys coherence be-
tween spatially well-separated parts of the reduced den-
sity matrix for Hyperion, thus counteracting the process
of coherent spreading by locally transforming the super-
position into an effective ensemble of narrow quasiclassi-
cal trajectories.
By contrast, the calculations presented by Wiebe and
Ballentine (WB) [2] address a fundamentally different is-
sue. WB compare the quantum probability distributions
and expectation values for the angular momentum and
orientation of Hyperion with their classical counterparts.
Similiarity between these distributions is then interpreted
as quantum mechanics correctly describing the classical
behavior of the system.
However, this criterion for the quantum–classical cor-
respondence requires the additional assumption of an
ensemble interpretation of quantum mechanics, as it is
made, not surprisingly [3, 4], by WB from the outset:
“[Quantum mechanics] does not describe the actual ob-
served phenomenon, but only the probabilities of the var-
ious possible phenomena” [2]. This statement amounts to
much more than the fact that quantum mechanics does
not predict which particular outcome will be obtained in
a measurement. Rather, it assumes that the elements of
the formalism of quantum mechanics (probability ampli-
tudes, wave-function components, etc.) have no direct
relation to the entities of the physical world—in particu-
lar, e.g., to measurement devices. Since probabilities re-
fer to measurements, measurement thus play a primitive
role (establishing an instrumentalist viewpoint similiar to
the Copenhagen interpretation), and superpositions are
interpreted as ensembles of possible measurement out-
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comes [3].
In this way, the ensemble interpretation implicitly rules
out the possibility of making certain measurements that
could prepare and detect the Schro¨dinger cat (or Hy-
perion) in a superposition state. Thus it is important
to emphasize that this interpretation ultimatively rejects
the notion of a universally valid quantum theory in which
every quantum state corresponds to an (at least in prin-
ciple) physically realizable and detectable state.
The ensemble interpretation implies that a coherently
spreading wavepacket in position space is viewed not as
a fundamental problem of the Schro¨dinger-cat type (as
in [1]), but rather as a proper description of the classical
dynamics as long as the probability distribution given by
the superposition (in the sense of the ensemble interpre-
tation) approximates the ensemble of possible classical
trajectories. This viewpoint is also reflected in the state-
ment by WB that “[d]ecoherence (. . . ) does not pro-
duce localization of the position probability density” [2].
While WB refer here to the overall width of the proba-
bility distribution, the quantity relevant to decoherence
is the width of the individual wavepackets in the local
ensemble.
WB represent the effect of decoherence as a perturba-
tion of the system that can be modeled by a stochastic in-
teraction potential [2, Eq. (22)]. This approach, however,
is too simplistic (see also Sec. IVC of [5]). It fails to cap-
ture the crucial fact that the environmental interaction
leads to system–environment entanglement that induces
an effectively nonunitary evolution of the system, selects
a set of preferred states for the system (“predictability
sieve” [6]), and dislocalizes the phase relations between
these states on a very short time scale. To give an exam-
ple, a coherent superposition of two spatial wavepackets







where γ−1 is the rate of relaxation due to the coupling
to the environment, and ΛdB = ~/
√
2mkBT is the ther-
mal de Broglie wavelength of the object with mass m at
temperature T .
The local ensembles of wavepackets created by deco-
herence remain narrow over time in the relevant “clas-
2sical” variable determined by the interaction with the
environment. This has been shown for general heat
baths, which lead to the selection of coherent states [8].
For chaotic systems, Zurek’s treatment [1] shows that
decoherence limits the coherent spreading of the local




where λ is the Lyapunov characteristic exponent that
quantifies the rate of divergence of neighboring phase-
space trajectories. Applied to Hyperion, this equation
yields ℓc ∼ 10−31m, demonstrating the extreme ef-
fectiveness of the decoherence-induced squeezing of the
wavepackets.
Another key point of Zurek’s paper that is not re-
flected in the paper by WB is the demonstration [1, Eq.
(6.4)] that, if the influence of the environment is mod-
eled properly, the expression for the increase of the von
Neumann entropy in the system due to decoherence coin-
cides with the Kolmogorov–Sinai equation for the rate of
entropy production in a classically chaotic system, given
by the sum of the positive Lyapunov exponents (see also
[9]). Thus, in this manner, the recovery of the quantum–
classical correspondence based on the correct decoher-
ence models yields, as a corollary, the second law of ther-
modynamics for the case of chaotic systems.
In view of these important features and consequences
of decoherence, WB’s representation and modeling of
the influence of the environment via a noise term in
the Hamiltonian of the system is clearly inadequate—
to paraphrase Einstein [10, p. 165], the model should be
made as simple as possible, but not simpler.
Let us finally note that environmental entanglement
does not just simply add another link to the von Neu-
mann chain. Rather, it ensures that it is in practice
impossible to recover the phase information continuously
leaking into the environment. In this sense, decoherence
provides a key step towards a resolution of the measure-
ment problem [11].
By assuming an ensemble interpretation of quantum
mechanics, WB attempt to show that decoherence is not
required to ensure classical dynamics for Hyperion and
other macroscopic bodies. However, when decoherence
is taken into account properly, it is in fact the ensemble-
view assumption that is dispensable. Since decoherence
ensures that the superposition can be treated locally as
an apparent ensemble of quasiclassical configurations, the
empirical adequacy of the ensemble interpretation is sim-
ply a consequence of the ubiquitous action of decoher-
ence.
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